Whether certain weather conditions modulate the onset of myocardial infarction (MI) is of great interest to clinicians because it could be used to prevent MIs as well as guide allocation of health care resources.
A circadian variation in acute myocardial infarction (MI) and seasonality in cardiovascular disease mortality has been previously reported. [1] [2] [3] [4] [5] In an early report from 1926, Wolff and White 6 observed that most cases of coronary thrombosis in New England occurred during winter. Several reports have confirmed this finding and have proposed a possible role of environmental factors on the occurrence of MI.
In the last decades, evidence linking the incidence of MI to colder temperatures and snow has been published. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, most studies have used surrogate variables, such as
International Statistical Classification of Diseases, Tenth Revision codes, as indicators of MI, and many studies have only looked at air temperature and snow; other meteorological parameters have not been as widely investigated.
The objective of this study was to investigate day-to-day weather and occurrence of MI in Sweden using data from the Swedish Meteorological and Hydrological Institute (SMHI) and the Swedish Web-System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART). By combining clinical data with weather station meteorologic variables collected in proximity to coronary care units (CCUs), we were able to investigate the associations of all major weather parameters and risk of MI in a nationwide study, covering 16 years of MI data.
Methods

National Registries
The SWEDEHEART registry enrolls all consecutive patients with symptoms suggestive of an acute coronary syndrome admitted to a coronary intensive care unit or coronary catheterization laboratories in Sweden. 23 Information on background characteristics, such as age, body mass index, smoking status, and electrocardiographic findings, as well as other examinations, interventions, complications, discharge medications, and diagnoses, were collected prospectively. Myocardial infarction diagnosis was set based by the treating physician's assessment of patient at discharge. Meteorologic data were obtained from SMHI, a Swedish government agency operating within the Ministry of Environment and Energy. The SMHI registers data from 132 weather stations scattered across Sweden. The collected data are readily available for research purposes and can be downloaded from the agency's website (http://www.smhi.com).
Study Design and Population
A flowchart depicting the data management process and study design is presented in Figure 1 . The study period was set to January 1, 1998 , to December 31, 2013 , and daily data on air temperature, minimum air temperature, maximum air temperature, wind, sunshine duration, atmospheric air pressure, air humidity, snow, and rain precipitation were extracted from the SMHI database for each city with a CCU in Sweden during this period. Change in air temperature was calculated as the difference between maximum and minimum air temperature, and effective air temperature is the perceived temperature taking into consideration wind velocity and was calculated using the Osczevskis and Bluestein equation available on the SMHI website: T-eff = 13.12 + 0.6215×T−13. 956×v 0.16 + 0 .4 866 9×T×v 0.16 , where T is temperature and v is wind velocity. This formula is only valid for temperatures less than 10°C, and days with higher temperatures were considered as missing (20%). All MI events admitted to a CCU were included. Cities with CCUs admitting less than 400 patients with MI during the entire study period were excluded to minimize outliers and include a more homogenous group of CCUs to improve data quality. Data were then combined with SWEDEHEART data using date of symptom onset and city of admission. A total of 2 669 926 weather data points were merged to a total of 280 873 patients with MI enrolled during the study period. Nationwide and regional means of each weather parameter were then calculated and studied with regard to MI and subtypes of MI: ST-elevation MI (STEMI) and non-ST-elevation MI (NSTEMI). The primary analysis was air temperature with regard to total number of MIs. Secondary analyses were other weather variables with regard to total number of MIs, STEMI, and NSTEMI. Regional analyses were conducted for each major health care region (South, Southeast, West, Stockholm, Uppsala/ Orebro, and North). Lagged analyses of 1, 3, 5, and 7 days were conducted as exploratory analyses together with seasonal analyses. Season was defined as quartile of a year and divided into January to March, April to June, July to September, and October to December. This study adheres to the STROBE guidelines for observational studies. The regional ethical review board at Lund University Hospital approved the study. The SWEDEHEART registry is a nationwide quality registry and all patients are admitted without the need for any consent. However, all patients have the right to be removed from the registry if they wish so. Therefore, the review board did not ask for patient consent to be obtained.
Statistical Analyses
Continuous variables are presented as mean (SD). Categorical variables are displayed as counts and percentages. A Poisson regression model was fitted as the primary statistical model to assess the independency of each weather parameter, with daily counts of MI as outcome and weather parameters as predictors. Zero inflation was not an issue in the nationwide or regional analyses. However, overdispersion was present, and a negative binomial regression model was used instead. Univariable models were assessed for each weather parameter as a continuous variable as well as a multivariable model using minimum air temperature, precipitation, air humidity, air pressure, wind velocity, change in air temperature, and sunshine duration, with daily counts of MI as outcome. Snow was analyzed separately during the winter season (October through March) in univariable as well as multivariable analyses. Results from regression analyses were reported as incidence rate ratios (IRRs) and interpreted as change for 1-SD increase of weather parameter. For visual assessment, smoothed conditional mean plots were plotted showing the nationwide incidence rates per day in association with daily weather condition. A conversion formula of daily incidence rates to incidence rates per 100 000 persons per year with a calculation example can be found in the eAppendix in the Supplement. Family-wise error rate was applied using the Hochberg method to control for type 1 errors owing to multiple testing. The main analyses, regional, seasonal, lagged, sensitivity, and subgroups analyses were adjusted separately within strata (total MI, NSTEMI, and STEMI). All statistical analyses were performed using R, version 3.2.2 (The R Foundation for Statistical Computing) and Stata, version 14.1 (StataCorp). A 2-sided P value less than .05 was considered statistically significant.
Subgroups
The primary end point was explored in predefined subgroups. These were men vs women, 75 years and older vs younger than 75 years, current smoker vs nonsmoker, diabetes mellitus vs no diabetes mellitus, hypertension vs no hypertension, previous coronary artery disease vs no previous coronary artery disease, as well as MIs occurring in patients with previous medications, ie, calcium inhibitors, β-blockers, aspirin, statin, angiotensin-converting enzyme inhibitors/ angiotensin receptor blockers, and diuretics.
Sensitivity Analysis
Sensitivity analyses adjusted for day of week as well as year to control for trends in MI during the study period were conducted. We also performed an analysis adjusted for time of year, with calendar weeks as a categorical variable to control for potential behavioral factors. Air pollution has been suggested as a trigger of MI and could potentially bias the results of weather.
To assess independency of weather variables on risk of MI, sensitivity analyses controlling for major air pollutant levels were conducted. Hourly data on carbon monoxide, nitrogen oxide, nitrogen dioxide, particulate matter 10 mm or less, and ozone were collected from the Swedish Environmental Research Institute for the 3 major urban cities in Sweden: Stockholm, Gothenburg, and Malmo. The daily sum of carbon monoxide, nitrogen oxide, nitrogen dioxide, particulate matter 10 mm or less, and ozone was calculated independently for each city and merged with the MI and weather data on day of symptom onset and city. The mean daily sum of carbon monoxide, nitrogen oxide, nitrogen dioxide, particulate matter 10 mm or less, and ozone; weather variables; and the daily sum of MI for all 3 cities were then calculated and analyzed as previously described.
Results
Patient Characteristics
Weather data were available for 274 029 patients (97.6%), which composed the final study population. A map of Sweden depicting the annual incidence rate of MI for each region is presented in Figure 2 . Of the total study population, 92 044 were diagnosed as having STEMI. The mean (SD) age was 71.7 (12) years, with patients with STEMI being slightly younger. Patients with NSTEMI had higher rates of kidney dysfunction, diabetes, hypertension, coronary artery disease, MI, previous percutaneous coronary intervention, previous coronary artery bypass graft, chronic heart failure, and stroke, with an accompanying increased number of cardiovascular medications (eTable 1 in the Supplement). Conservative treatment was more common in the NSTEMI group, while revascularization was more often used in the STEMI group.
Meteorologic Characteristics
Minimum air temperature for each season and region is presented in Figure 2 . Remaining meteorologic variables for Sweden as well as each health care region are presented in eTable 2 in the Supplement.
End Points
Minimum air temperature was negatively associated with MI, with similar results obtained with mean and maximum air temperature. A 1-SD increase (7.4°C) in minimum air temperature was associated with a 2.8% reduction in MI (unadjusted IRR, 0.972; 95% CI, 0.967-0.977; P <.001). Results were consistent after adjustment for other weather parameters and after stratifying into NSTEMI and STEMI ( Figure 3) . Sunshine duration was negatively associated with overall MI (Figure 4 ), but no association was observed in the multivariable analyses of STEMI (eFigure 1 in the Supplement). Higher precipitation and air pressure were both negatively associated with STEMI (eFigure 1 in the Supplement), with a minor risk increase of MI in both univariable as well as multivariable analyses (eFigure 1intheSupplement). A positive association was observed for wind velocity, with a small increase in IRR for MI (Figure 4 ). Change in air temperature was associated with increased risk of overall MI ( Figure 4 ) and NSTEMI in multivariable analyses but not STEMI (eFigure 1 in the Supplement).
Regional Analyses
Air temperature was negatively associated with risk of MI and remained significant after stratifying into NSTEMI and STEMI in all health care regions except in the north (eFigure 2 and eTable 3 in the Supplement). Wind velocity and snow precipitation were the only weather parameters associated with higher risk of MI, NSTEMI, and STEMI in the north, with the highest association observed for wind velocity and NSTEMI (unadjusted IRR, 1.077; 95% CI, 1.055-1.098; P <.001) (eTable 3 in the Supplement). Results for wind velocity in the north health care region were consistent after adjustment for other weather parameters, while snow did not reach statistical significance (eTable 3intheSupplement).
Seasonal Analyses
With the exception of the coldest season (January-March), consistent results were observed, with a negative association for air temperature and risk of MI, with the highest association observed during July through September and the highest associated risk observed in STEMI. This translated into a 9.5% reduction in STEMI for each increase in standard deviation in air temperature (3.1°C) (adjusted IRR, 0.905; 95% CI, 0.873-0.938; P <.001) (eTable 3 in the Supplement). However, the coldest season (January-March) showed a reverse association compared with the results previously described, with a positive association of increased air temperature and MI, owing to increased rates of NSTEMI ( Figure 5 and eTable 3 in the Supplement). In contrast, sunshine duration during January through March was negatively associated with risk of NSTEMI but not with STEMI (eTable 3 in the Supplement).
Lagged Effects and Results Across Subgroups
Lagged analyses of 1, 3, 5, and 7 days showed consistent results with negative association of MI, NSTEMI, and STEMI with increased temperature, with similar effect estimates to nonlag analyses (eFigure 3 and eFigure 4 in the Supplement). The primary end point was investigated in a variety of subgroups with consistent results, with an associated higher risk of MI with lower air temperatures (eTable 4 in the Supplement).
Sensitivity Analyses
Consistent results were observed after adjustment for longterm trends in MI and day of week (eTable 3 in the Supplement). After adjustment for air pollutant levels, only air temperature remained significantly associated with risk of MI. Air pressure and change in air temperature were associated with risk of MI after adjusting for calendar week but not air temperature. 
Discussion
In this large, nationwide study covering 16 years of MI and weather data, low air temperature, low atmospheric air pressure, high wind velocity, and shorter sunshine duration were associated with risk of MI. The strongest association was observed for air temperature, with a higher incidence of MI on days with air temperatures less than 0°C, with rates of MI declining when temperatures rose to greater than 3°C to 4°C. The results were consistent across a large range of subgroups and health care regions. Seasonal analyses showed more pronounced association of air temperature during warmer seasons, and regional analyses showed a pronounced and positive association of MI with snow and wind in the northernmost region. Whereas a few studies have previously reported similar findings with regard to air temperature, most of these studies 10, 11, [13] [14] [15] [17] [18] [19] [20] [21] [22] 24 To our knowledge, this study not only constitutes the largest of its kind but also the only one investigating a wider spectrum of weather variables to clinical data with electrocardiographic and biomarkerpositive MI from a well-known nationwide register. We performed a number of subgroup, regional, seasonal, and sensitivity analyses to complement our primary analysis. Our results not only suggest that weather is independently associated with the incidence of MI but also that the association may differ with regard to season and electrocardiographic subtypes. A number of physiologic mechanisms have been proposed to explain the association of cold weather and MI, among which, coronary vasoconstriction is the most probable cause. Cold as a pressor for coronary vasoconstriction was proposed as early as in the 1970s, and whereas cold did not alter coronary vascular resistance in healthy individuals, it was significantly altered in patients with coronary heart disease.
25 Coronary vasoconstriction owing to cold could alter the arterial wall shear stress and possibly induce plaque fracture but could also in theory be associated with type 2 infarction, ie, MI secondary to ischemia owing to decreased oxygen supply. Although lower temperatures were associated with higher incidence rates in both STEMI and NSTEMI, the association across various subgroups and sensitivity analyses was stronger for STEMI. Thus, our results are more in line with the first theory because type 2 infarctions generally do not present as STEMI. 26 β-Blockers and aspirin, among other medications, could blunt the possible associations of external triggers through coronary vasodilation and endothelium stabilization. However, our results remained significant across a large range of subgroups with similar effect estimates. A number of conditions associated with an increased risk of MI are more prevalent during colder weather. Respiratory tract infections and influenza are known risk factors for MI that have a clear seasonal variation that may contribute to our findings. 27 A 2018 study showed a 6-fold increase of MI 7 days after a respiratory infection. 28 Ongoing randomized trials are currently evaluating the role of influenza vaccinations in patients after MI and risk of reinfarction and mortality. 29 Seasondependent behavioral patterns, such as reduced physical activity, dietary changes, and depression, may also contribute to the increased occurrence of MI during cold weather. 30 Vitamin D has been proposed to play an important role in the seasonality of cardiovascular disease and mortality, and this could explain the associated risk of MI and sunshine duration. Previous studies have reported that blood pressure as well as cholesterol levels are minimally lower during summer, possibly contributing to the lower associated risk of MI in our study.
31-37
However, randomized studies have failed to show any effect of vitamin D supplementation on MI risk. 38, 39 Seasonal analyses and analyses adjusted for time of the year are therefore plausible but should be interpreted cautiously because weather is strongly correlated with time of the year. Our results were consistent and statistically highly significant. However, the observed effect estimates were moderate. A direct comparison with previous studies is difficult owing to inconsistency in study design and statistical method. However, similar size of effect estimates has been reported from the World Health Organization Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) project study, an observational study including 21 countries, among which northern Sweden and Gothenburg were included, as well as a systematic review. 18, 40 In our study, no association of air temperature on risk of MI was observed in the northernmost health care region. Instead, a significant, positive association with higher snow precipitation and wind velocities was observed. Previous studies have shown higher mortality during colder winters in warm countries as compared with warmer winters, with a higher percentage increase in warm as opposed to cold countries, indicating adaptation effects. 1,7,13 Although snow did not reach statistical significance in the multivariable analyses, adjusting for weather parameters can be debated because weather parameters correlate to a certain degree. Regardless, these findings, although paradoxical, are indicative of an adaptation to long winters and low temperatures in the north and are further in line with one of the main findings in our study, with static incidence rates of MI at days with subzero temperatures, declining when temperatures rose to greater than 3°C to 4°C (Figure 2 ). This is also supported by the lack of association during the coldest parts of the year (January-March), when higher air temperature was associated with a higher risk of NSTEMI. Although the day-to-day association of weather on incidence of MI is complex, with a number of factors possibly interacting and affecting the results, a strong association between air temperature and risk of MI is evident. Adaptation to cold may blunt this association, but whether reducing cold exposure by staying indoors and/or wearing warm clothes reduces the risk of MI remains unknown and has to be prospectively studied.
Strengths and Limitations
Weather varies significantly across Sweden, and whether the calculation of daily nationwide mean may have affected the results cannot be ruled out. Although regional analyses accounted for this to some extent, results for meteorologic variables with local effect, such as precipitation, must be interpreted cautiously. Whereas time at symptom onset can be considered fairly accurate for patients with STEMI, it may be less reliable for patients with NSTEMI, and thus a lag effect cannot be ruled out; however, lagged analyses should account for this. Although the results observed in our study were statistically highly significant, the effect estimates were modest. Our study benefits from a number of strengths, of which the most prominent are the high quality and validated diagnoses from a comprehensive nationwide registry spanning 16 years of MI data as well as the precise meteorologic data obtained from a national agency.
23,41
Conclusions
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